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AMENDMENT 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In response to the Official Action dated April 22, 2010, please amend the present 
application as follows: 

Amendments to the Claims are set forth in the Listing of Claims beginning on page 2 of 
this paper. 

Remarks begin on page 6 of this paper. 
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Amendments to the Claims : 

The following listing of claims replaces all prior versions and listings of the claims in this 
application. 
Listing of the Claims : 

Claims 1-10 (Canceled). 

Claim 11 (Currently Amended): A process for producing a high-molecular weight 
aliphatic polyester, which comprises subjecting a ring-opening polymer (co)polymer of glycolide 
having a weight average molecular weight of 30,000 to 110,000 or a mixture containing at least 
70% by weight of glycolide and at most 30% by weight of another cyclic monomer to a chain- 
lengthening reaction with 3 to 10 parts by weight, per 100 parts by weight of the ring-opening 
polymer, of an oxazoline compound having at least two oxazoline ring structures in its molecule 
under melt-kneading conditions with a reaction temperature not lower than the melting 
temperature of the ring-opening polymer, but not higher than 240°C, and a reaction time of 10 to 
30 minutes, to highly increase the molecular weight thereof to the extent that 

a) a ratio (MW2/MW1) of a weight average molecular weight (Mw 2 ) of the ring-opening 
polymer (co)polymer after the chain lengthening to a weight average molecular weight (MwO of 
the ring-opening polymer (co)polymer before the chain lengthening is at least 1.35, 

wherein the chain lengthening reaction is conducted in the presence of the oxazoline 
compound in a proportion within a range of 3 to 10 parts by weight per 100 parts by weight of 
the ring opening (co)polymer, 
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wherein the ring opening (co)polymer before the chain lengthening has a weight average 
molecular weight of 30,000 to 110,000 and is subjected to the chain lengthening reaction to 
produce the high molecular weight ring opening (co)polymer, and 

wherein the ring opening (co)polymer and the oxazoline compound are subjected to the 
chain lengthening reaction under conditions wherein the reaction temperature is not lower than 
the melting temperature of the ring opening (co)polymer, but not higher than 300°C, and the 
reaction time is 5 to 4 0 minutes, thereby obtaining a high molecular weight ring opening 
(co)polymer having the following properties: 

a) b) the weight average molecular weight (Mw) of the ring-opening polymer 
(co)polymer after the chain lengthening, whose molecular weight has been increased by the 
chain-lengthening reaction, is 120,000 to 500,000, 

b) c) a molecular weight distribution (Mw/Mn) represented by a ratio of a weight 
average molecular weight (Mw) of the ring-opening polymer (co)polymer , whose molecular 
weight has been highly increased by the chain-lengthening reaction, to a number average 
molecular weight (Mn) thereof is at least 1.90, and 

e) d) a difference (T 2 - TO between a 1%-weight loss-starting temperature T 2 on heating 
of the ring-opening polymer (co)polymer after the chain lengthening and a 1%-weight loss- 
starting temperature Ti on heating of the ring-opening polymer (co)polymer before the chain 
lengthening is at least 3°C, wherein the 1%-weight loss-starting temperature T 2 on heating of the 
ring-opening polymer (co)polymer after the chain lengthening is at least 233°C. 
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Claims 12-25 (Canceled). 

Claim 26 (Currently Amended): The production process according to claim 11, wherein 
the chain-lengthening reaction is conducted in the presence of the oxazoline compound in a 
proportion within a range of 3 to 5 parts by weight per 100 parts by weight of the ring-opening 
polymer (co)polymer . 

Claim 27 (Canceled). 

Claim 28 (Previously Presented): The production process according to claim 11, 
wherein the oxazoline compound having at least two oxazoline ring structures in its molecule is 
2,2' -m-phenylene-bis(2-oxazoline) . 

Claims 29-31 (Canceled). 

Claim 32 (Currently Amended): The production process according to claim 11, wherein 
the ratio (Mw 2 /Mwi) of a weight average molecular weight (Mw 2 ) of the ring-opening polymer 
(co)polymer after the chain lengthening to a weight average molecular weight (MwO of the ring- 
opening polymer (co)polymer before the chain lengthening is 1.65 to 10.00. 

Claim 33 (Cancelled). 
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Claim 34 (Currently Amended): The production process according to claim 11, wherein 
the weight average molecular weight (Mw) of the ring-opening polymer (co)polymer after the 
chain lengthening, whose molecular weight has been increased by the chain-lengthening 
reaction, is 181,000 to 500,000. 

Claim 35 (Currently Amended): The production process according to claim 11, wherein 
the molecular weight distribution (Mw/Mn) represented by a ratio of a weight average molecular 
weight (Mw) of the ring-opening polymer (co)polymer , whose molecular weight has been highly 
increased by the chain-lengthening reaction, to a number average molecular weight (Mn) thereof 
is 2.30 to 4.50. 

Claim 36 (Currently Amended): The production process according to claim 11, wherein 
the difference (T 2 - TO between a 1%-weight loss-starting temperature T 2 on heating of the ring- 
opening polymer (co)polymer after the chain lengthening and a 1%-weight loss-starting 
temperature Ti on heating of the ring-opening polymer (co)polymer before the chain lengthening 
is 20°C to 30°C, wherein the 1%-weight loss-starting temperature T 2 on heating of the ring- 
opening polymer (co)polymer after the chain lengthening is at least 252°C. 

Claim 37 (Cancelled). 
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REMARKS 

The Official Action dated April 22, 2010 has been carefully considered. Accordingly, the 
present Amendment is believed sufficient to place the present application in condition for 
allowance. Reconsideration is respectfully requested. 

By the present amendment, claim 1 1 is amended to more positively recite the method 
steps and to recite the use of a ring-opening polymer of glycolide; reference to copolymers is 
omitted. Claims 26, 32 and 34-36 are correspondingly amended. Claim 1 1 is also amended to 
recite that the amount of the oxazoline compound in the chain lengthening reaction is 3 to 10 
parts by weight per 100 parts by weight of the ring-opening (co)polymer. Support for this 
amendment may be found in the specification, particularly page 13, lines 9-11 and Example 3 at 
pages 23 and 24. Claim 1 1 is also amended to include limitations from claim 33 and to recite 
that the ring-opening polymer and the oxazoline compound are subjected to the chain- 
lengthening reaction under melt-kneading conditions as described in the specification at page 22, 
lines 22-26. Claims 33 and 37 are cancelled. Since these changes do not involve any 
introduction of new matter, entry of the amendments is in order and is respectfully requested. 

In the Official Action, claims 11, 26, 28 and 32-37 were rejected under 35 U.S.C. § 103(a) 
as unpatentable over Matsumoto. Applicants traverse this rejection and reconsideration is 
respectfully requested. 

As defined by claim 11, the process for producing a high-molecular weight aliphatic 
polyester comprises subjecting a ring-opening polymer of glycolide having a weight average 
molecular weight of 30,000 to 110,000 to a chain-lengthening reaction with an oxazoline 
compound having at least two oxazoline ring structures in its molecule under melt-kneading 
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conditions with a reaction temperature not lower than the melting temperature of the ring- 
opening polymer, but not higher than 240°C, and a reaction time of 10 to 30 minutes, to highly 
increase the molecular weight thereof. Importantly, the extent of chain lengthening which results 
is significant in that 

a) a ratio (Mw 2 /Mwi) of a weight average molecular weight (Mw 2 ) of the ring-opening 
polymer after the chain lengthening to a weight average molecular weight (Mwi) of the ring- 
opening polymer before the chain lengthening is at least 1.35, 

b) the weight average molecular weight (Mw) of the ring-opening polymer after the 
chain lengthening, whose molecular weight has been increased by the chain-lengthening 
reaction, is 120,000 to 500,000, 

c) a molecular weight distribution (Mw/Mn) represented by a ratio of a weight average 
molecular weight (Mw) of the ring-opening polymer, whose molecular weight has been highly 
increased by the chain-lengthening reaction, to a number average molecular weight (Mn) thereof 
is at least 1.90, and 

d) a difference (T 2 - TO between a 1%-weight loss-starting temperature T 2 on heating of 
the ring-opening polymer after the chain lengthening and a 1%-weight loss-starting temperature 
Ti on heating of the ring-opening polymer before the chain lengthening is at least 3°C, wherein 
the 1%-weight loss-starting temperature T 2 on heating of the ring-opening polymer after the 
chain lengthening is at least 233°C. 

Generally, it is difficult to obtain a high-molecular weight polyglycolide using ring- 
opening polymerization of glycolide. However, according to the present process, the high 
molecular weight product is obtained as a chain-lengthened ring-opening polymer in which the 
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oxazoline compound is reacted as a chain-lengthening agent by the melt kneading reaction of the 
defined glycolide and the oxazoline in the indicated amounts and at the specified reaction 
temperature and time. 

In contrast to the chain-lengthening reaction which is conducted in the process of claim 
11, Matsumoto teaches a method for capping the terminal carboxyl groups of an aliphatic 
polyester resin with an oxazoline or oxazine compound to provide sufficiently high molecular 
weight, resistance to hydrolysis and heat resistance in combination (Abstract). According to 
Matsumoto, an aliphatic polyester in a molten state is reacted with a proper amount of an end- 
capping agent after completion of the polymerization reaction of the polymer" (paragraph [0018], 
emphasis added). Matsumoto therefore indicates that the polymerization does not progress by 
adding the oxazoline compound and Matsumoto does not teach or suggest further enhancing the 
polymerization degree of the polyester, particularly by a chain lengthening reaction. In fact, by 
teaching that the end capping is conducted after polymerization is complete, Matsumoto teaches 
away from the chain lengthening reaction process of claim 11. Thus, Matsumoto does not 
disclose a method for conducting a chain-lengthening reaction of a ring-opening glycolide 
polymer, but rather an end-capping reaction to provide a combination of hydrolysis and heat 
resisitance. 

Importantly, in the process of claim 11, the ring-opening polymer of glycolide has a 
weight average molecular weight of 30,000 to 110,000 and is subjected to a chain lengthening 
reaction with 3 to 10 parts by weight of the oxazoline compound per 100 parts by weight of the 
ring-opening polymer. Further, the chain lengthening reaction is conducted by melt kneading at 
a reaction temperature not lower than the melting temperature of the ring-opening polymer, but 
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not higher than 240°C, and a reaction time of 10 to 30 minutes. None of these process 
limitations are taught by Matsumoto. 

Instead, Matsumoto uses 0.96 weight percent of an oxazoline end-capping compound 
with polyglycolic acid (Example 3). While Matsumoto employs 2.02 weight percent oxazoline 
compound in Example 6, this example employs polylactic acid, not polyglycolic acid. 
Moreover, the 2.02 weight percent is less than that required in the process of claim 11. Further, 
while Example 2 of Matsumoto employs 10.00 weight percent of an end capping agent with 
polylactic acid as well, the agent is a styrene-2-isopropenyl-2-oxazoline copolymer and 
Matsumoto does not indicate the content of oxazoline compound in the polymeric end capping 
agent. The Examiner asserted that Matsumoto discloses the desire to have a content of unreacted 
terminal blocking agent of 5 wt% or less in the molded article (paragraph [0021]) and since the 
main component, i.e., at least 50%, of the Matsumoto composition is polyester, the Examiner 
asserted this to implicitly disclose a range of end blocking agent up to about 50 wt%. 

However, one of ordinary skill in the art would have appreciated that an end capping 
agent is used in a relatively small amount relative to the weight of the polymer in view of the 
relative amount of ends to be capped. Thus, the Examiner's assertion is not consistent with the 
definition of an end capping agent. Nonetheless, even if Matsumoto is broadly interpreted as 
disclosing that up to 50% of an end capping agent may be used, there is no teaching or 
suggestion to react 3 to 10 parts by weight of the oxazoline compound with 100 parts by weight 
of a glycolide ring-opening polymer, particularly having a weight average molecular weight of 
30,000 to 110,000 under the melt kneading conditions required by claim 11. That Matsumoto 
includes excess end capping agent in the polymer does not teach that the excess end capping 
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agent is reacted with the polymer and particularly does not teach or suggest reaction of a ring- 
opening glycolide polymer with 3 to 10 parts by weight, per 100 parts by weight of the polymer, 
of an oxazoline compound as required by claim 1 1 . 

Moreover, there are additional important limitations in the process of claim 11 which are 
neither taught nor suggested by Matsumoto. First, the only teaching of a polyglycolic acid 
(PGA) reaction temperature which Applicants can find in Matsumoto is in Example 3 wherein a 
PGA having a melting point of 224°C and of undisclosed molecular weight is heated with an 
oxazoline compound (PBO) in a twin-screw kneading extruder having a cylinder temperature of 
270°C. While a reference is not limited to its examples, this is the only disclosure in Masumoto 
which Applicants find relating to a PGA reaction temperature. In contrast to the 270°C 
employed by Matsumoto, the process of claim 1 1 requires the use of a reaction temperature not 
higher than 240°C. Moreover, Matsumoto discloses the use of a twin screw extruder but does 
not indicate a process time therein. On the other hand, the process of claim 11 requires a 
reaction time of "10 to 30 minutes", and one of ordinary skill in the art will recognize that in the 
twin-screw kneading extruder used in Matsumoto, the degree of kneading is high so a short 
process time would typically be required. Thus, at best, Matsumoto teach a process employing a 
higher temperature and a short process time while in claim 11, the melt-kneading is conducted 
for a longer period of time at a lower temperature. 

While the Examiner appears to assert these are obvious variations, one of ordinary skill 
in the art will appreciate that temperature and reaction time can significantly effect melt 
kneading of resins. That is, when melt-kneading at a high temperature as in Matsumoto, the 
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mobility of a polyglycolic acid molecule becomes extremely high and molecular motion is 
activated. An end-capping reaction wherein the oxazoline compound reacts to the terminal of 
polyglycolic acid would be considered to take place preferentially because the twin-screw 
kneading extruder employs a high degree of kneading. On the other hand, in the process of 
present claim 11, the melt-kneading is conducted at a temperature which is at least 30°C lower 
than that of Matsumoto, and the mobility of the polyglycolic acid molecule and the molecular 
motion are low as compared with those of Matsumoto. A primary reaction between the terminal 
of polyglycolic acid and a first oxazoline group of the oxazoline compound would be considered 
to first take place in a region where the molecular motion is restricted, whereafter an unreacted 
oxazoline group of the compound reacts with another polyglycolic acid because the reaction is 
conducted for a relatively long period of time, i.e., 10-30 minutes. Thus, a difference of 30°C and 
a difference of reaction time, particularly in combination, cannot be disregarded, particularly 
when viewed in combination with the remaining deficiencies in the various teachings of 
Masumoto. 

Further, Matsumoto merely discloses that the "weight average molecular weight of the 
polylactic acid used in the present invention is preferably as high as possible, and is generally at 
least 50,000, preferably at least 80,000, preferably 100,000 to 300,000, more preferably 100,000 
to 200,000." Matsumoto is describing the polylactic acid starting polymer which is then 
subjected to end capping and provides no teaching as to any molecular weight increase which is 
achieved by the end capping reaction. Matsumoto is concerned with hydrolysis resistance, not 
molecular weight increase. Matsumoto provides no teaching that a polyglycolic acid of weight 
average molecular weight of 30,000-110,000 is necessarily used or that the end-capping will 
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necessarily result in a polymer having at least 1.35 times higher molecular weight, as is required 
by the process of claim 11. 

In determining patentability under 35 U.S.C. §103, it is necessary to determine whether 
there was an apparent reason to combine known elements in the fashion of the claims at issue, 
KSR International Co. v. Teleflex, Inc., 550 US 398, 418 (2007). Applicants find no evidence of 
record which would indicate any apparent reason to one of ordinary skill in the art to modify and 
supplement the teachings of Matsumoto to conduct a chain-lengthening reaction of a 
polyglycolic acid having a molecular weight of 30,000 to 100,000 with 3 to 10 parts by weight of 
an oxazoline compound per 100 parts by weight of the polymer under melt-kneading conditions 
with a reaction temperature not lower than the melting temperature of the ring-opening polymer, 
but not higher than 240°C, and a reaction time of 10 to 30 minutes, to highly increase the 
molecular weight thereof, as required in the process of claim 11. In fact, Matsumoto provides no 
teaching of the reaction parameters specifically recited in claim 11, provides no recognition or 
suggestion that a chain-lengthening reaction could be conducted by use of such reactants and 
reaction parameters, and teaches away from the claimed process in teaching an end-capping 
reaction. 

Generally, the Examiner has asserted that it would have been obvious to optimize the 
various parameters which Matsumoto fails to disclose. However, the Examiner has not pointed 
to any teaching in Matsumoto or provided any explanation based on scientific reasoning that 
would support the conclusion that those skilled in the art would have considered it obvious to 
"optimize" the prior art teaching by, inter alia, increasing the amount of oxazoline compound 
reacted with the glycolide polymer, decreasing the temperature, and increasing the reaction time. 
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Just as the Board of Patent Appeals and Interferences held that obviousness cannot be proven 
merely by showing that a known composition could have been modified by routine 
experimentation or solely on the expectation of success, but rather it must be shown that those of 
ordinary skill in the art would have had some apparent reason to modify the known composition 
in a way the would result in the claimed composition, Ex parte Whalen II, Appeal No. 2007- 
4423 (BPAI July 23, 2008), a prima facie case of obviousness has not been established in view 
of Matusmoto by unsupported assertions of routine experimentation or solely on the expectation 
of success. The requisite showing that those of ordinary skill in the art would have had some 
apparent reason to modify the Matsumoto process in a way the would result in the claimed 
process has not been made. 

Thus, the process of claim 11, and those of claims 26, 28, 32 and 34-36 dependent 
thereon, are nonobvious over Matsumoto whereby the rejection of claims 1 1, 26 and 28 under 35 
U.S.C. §103 has been overcome. Reconsideration is respectfully requested. 

Claims 11, 26, 28 and 32-37 were rejected under 35 U.S.C. §103 as unpatentable over the 
Bonsignore U.S. Patent No. 5,470,944 in view of Matsumoto. Applicants traverse this rejection 
and reconsideration is respectfully requested. 

The process of claim 11 is discussed in detail above. As noted, claim 11 recites that the 
ring-opening polymer of glycolide has a weight average molecular weight of 30,000 to 110,000 
and is subjected to a chain lengthening reaction with 3 to 10 parts by weight of the oxazoline 
compound per 100 parts by weight of the ring-opening polymer. Further, the chain lengthening 
reaction is conducted by melt kneading at a reaction temperature not lower than the melting 
temperature of the ring-opening polymer, but not higher than 240°C, and a reaction time of 10 to 
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30 minutes. None of these process limitations are taught by Bonsignore and Matsumoto, alone 
or in combination. 

To the contrary, Bonsignore is directed to the production of high molecular weight 
polylactic acid (at least about 25,000 and preferably above 50,000-100,000, column 6, lines 26- 
28) from lower molecular weight (2000-15,000, column 1, lines 11-18) versions. Bonsignore 
mentions polyglycolic acid is conventionally prepared by condensation polymerization or ring- 
opening polymerization and is environmentally compatible because it degrades to glycolic acid. 
While copolymers of lactic acid and glycolic acid are mentioned, for example at column 3, lines 
34-37, no teaching or suggestion for production of high molecular weight polyglycolic acid, 
particularly from a starting glycolide, is found in Bonsignore. Moreover, Bonsignore provides 
no basis or apparent reasoning for one of ordinary skill in the art to apply any of Bonsignore' s 
teachings to glycolic acid, particularly to obtain a product as presently claimed. To the contrary, 
the weight average molecular weight of Applicants' starting material, the ring-opening polymer 
before the chain lengthening, is at least 30,000, within the desired end product of Bonsignore, 
and Bonsignore provides no teaching of a process for producing a polyglycolic acid polymer 
product having a weight average molecular weight of at least 120,000 as required by claim 11. 

Further, Bonsignore provides no teaching or suggestion of the reaction parameters recited 
in claim 11, and particularly a chain-lengthening reaction conducted by melt kneading at a 
reaction temperature not lower than the melting temperature of the ring-opening polymer, but not 
higher than 240°C, and a reaction time of 10 to 30 minutes. To the contrary, Example 1 of 
Bonsignore employs a two hour reaction period at room temperature (column 11, lines 38-40). 
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In Example 2 of Bonsignore, the solution was allowed to react overnight at room temperature 
(column 11, lines 59-61). Finally, in Example 3 of Bonsignore, the reaction of 15.2 g of NCO- 
capped PLA prepolymer solution with 2.5g of polypropylene glycol (MW 1000), catalyzed with 
5 drops of stannous octoate, was conducted at 100-120°C for 20 minutes (column 12, lines 18- 
22). None of the Bonsignore examples teach the use of melt kneading. Clearly these reaction 
conditions specifically disclosed in Bonsignore do not teach or suggest the reaction requirements 
of the process of claim 11, namely melt kneading at a reaction temperature of from the polymer 
melting point (well above 120°C) to 240°C and a reaction time of 10 to 30 minutes. While a 
reference is not limited to its examples, Applicants do not find any other teaching by Bonsignore 
regarding a melt kneading reaction or the temperatures and times thereof. Thus, the process of 
Bonsignore is significantly different from the process of claim 1 1 . 

The Examiner asserted that Bonsignore recognizes that polylactic acid has a melting 
point of about 175°C whereas polyglycolide has a melting point of about 230°C, referring to 
column 4, lines 26-34. Nonetheless, Bonsignore teaches the use of reaction temperatures below 
the melting point of both polymers. The Examiner again asserted that since the polymers in 
Matsumoto are in the melted state, the degree of heating above the melting point does not affect 
the polymer's reactivity and the chosen temperature is a result effective variable, so it would be 
obvious to optimize the temperature depending on the viscosity and reaction time desired. The 
Examiner' s statements are not only unsupported by evidence on the record, they are conflicting 
in that the Examiner first concludes that the temperature does not effect reactivity and the second 
statement concludes that there is an effect on reactivity, but that such an effect would be 
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expected. Further, Masumoto does not disclose that the reaction temperature is a result effective 
variable, and particularly does not disclose what result, if any, is effected by a change in reaction 
temperature, and there is no indication in Matsumoto, or otherwise of record, that any different 
viscosity or reaction time is desired or that the reaction temperature disclosed by Matsumoto 
should be modified. As noted above, obviousness cannot be proven merely by showing that a 
known process could have been modified by routine experimentation or solely on the expectation 
of success, but rather it must be shown that those of ordinary skill in the art would have had 
some apparent reason to modify the known process in a way the would result in the claimed 
composition, Ex parte Whalen II, supra. The requisite showing that those of ordinary skill in the 
art would have had some apparent reason to modify the Matsumoto process in a way the would 
result in the claimed process has not been made. 

Importantly, Matsumoto teaches an end-capping reaction to reduce hydrolysis and 
thereby increase heat resistance. Matsumoto is not directed to increasing molecular weight. 
Accordingly, one of ordinary skill in the art would have had no reason to combine the end- 
capping teachings of Matsumoto with the method of Bonsignore. Particularly, Matsumoto 
provides no motivation to modify any teachings of Bonsignore since these references are 
directed to different objectives, achieved under different conditions. Moreover, such a 
combination does not result in the process of claim 11, as Masumoto similarly fails to teach, 
suggest or other motivate one of ordinary skill in the art to the chain lengthening reaction of 
glycolide polymer of weight average molecular weight of 30,000 to 110,000 with 3 to 10 parts 
by weight of an oxazoline compound per 100 parts by weight of polymer by melt kneading at a 
temperature not lower than the melting temperature of the ring-opening polymer, but not higher 
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than 240°C, and a reaction time of 10 to 30 minutes. Thus, the production processes of claims 
11, 26, 28, 32 and 34-36, are nonobvious over the combination of Bonsignore and Matsumoto, 
whereby the rejection under 35 U.S.C. §103 has been overcome. Reconsideration is respectfully 
requested. 

It is believed that the above demonstrates the patentability of present claims 11, 26, 28, 

32 and 34-36, and places the present application in condition for allowance. Reconsideration and 

an early allowance are requested. 

Please charge any fees required in connection with the present communication, or credit 

any overpayment, to Deposit Account No. 503915. 

Respectfully submitted, 

/Holly D. Kozlowski/ 

Holly D. Kozlowski, 

Registration No. 30,468 

Porter, Wright, Morris & Arthur LLP 

250 East Fifth Street, Suite 2200 

Cincinnati, Ohio 45202 

(513) 369-4224 
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